The hydrological and geochemical aspects of the functioning and evolution of two small peatbogs located in Wielkopolska National Park were studied. The investigated peatlands are isolated from the influence of catchment ground waters. The main source of water supply is precipitation and surface run-off from the wooded catchment. Physical and chemical properties of the peatland waters are determined by hydrological conditions. Acid water reaction and low concentration of dissolved minerals suggest the peatlands should be classified as ombrotrophic high peatbogs.
INTRODUCTION
Increasingly, peatbog ecosystems are recognized as playing an important role in the stable functioning of landscapes, as they are an important element of small water retention (Kędziora 1996) . As accumulative ecosystems, they act as ecological trapdoors for pollution migrating throughout landscapes (Szpakowska 1999 , Houben et al. 2001 . Peatbogs located near lakes are considered to be a buffer that limits anthropogenic influence on water basins (Mitsch and Gosselink 1999) . Their characteristic water regime results in a specific flora and fauna composition which undoubtedly enhances the biodiversity of landscapes. The evolution and functioning of peatlands depend on many factors. The most important are the hydrological conditions of the peatland area, which determine the way and intensity of the supply of water and chemical compounds, and the degree of anthropogenic stress placed on peatbogs and their surrounding areas.
Three basic types of peatbogs, low, high, and transitional, are identifiable according to composition of the flora, which depends on succession and the hydrological conditions in the habitat (Jasnowska and Jasnowski 1981 , Mitsch and Gosselink 1999 , Ilnicki 2001 .
Basin peatbogs are a specific type identified by their hydrological and morphological distinctness. They are located in deep, no-outflow hollows, and other characteristic features include a small area and a thick layer of peat deposits located directly on a mineral base (Jasnowska and Jasnowski 1981 , Mitsch and Gosselink 1999 , Ilnicki 2001 . Basin peatbogs develop in isolation from shallow groundwater, and they are supplied mainly from precipitation. An additional source of water is surface run-off that delivers poor quality water (Mitsch and Gosselink 1999) . The hydrological conditions of the functioning of peatlands have been well documented. On the other hand, data describing chemical cycles within high peatbogs and their drainage basins are rare. Research papers usually concern anthropogenic changes (Kruk 1990 (Kruk , 1997 , thus, the hydrochemical aspect of peatbog functioning (especially with regard to basin peatbogs) needs thorough study.
The aim of the present study was to identify cycles of chemical substances and water in a drainage basin−peatbog system, and to determine the reason why two neighboring peatbogs: Sarni Dół and Czarny Dół, have diverse flora.
MATERIALS AND METHODS
The Czarny Dół peatbog has an area of 0.72 ha. It surrounded by a small water body with an area of 0.5 ha. Based on its morphological and hydrological features, it has been classified as a basin peatbog (Schubert et al. 1997 ). The vegetation is heterogeneous; on the forest edges it is of a mesotrophic character and resembles a transitional peatbog. Species characteristic for mesotrophic bogs, Sphagno squarosi-Alnetum, are found there, together with Menyantes trifoliata and Comarum palustre, which often occur in fertile transitional peatbogs (Schubert et al. 1997) . Beyond the edge, the peatbog consists of a carpet of sphagnum mosses, Sphagnum fallax, and plants from the class Oxycocco-Spgagnetea: Eriophorum vaginatum, Vaccinium oxycoccus, and Aulacomnium palustre, which are characteristic for high and transitional peatbogs (Herbich and Potocka 2004) . The nearest surroundings of its drainage basin has an area of 8.4 ha and has steep slopes that incline up to 40° and are covered by a mixed forest.
The Sarni Dół peatbog (1.86 ha) is located about 150 m from Czarny Dół. The plant cover is of the hummock-hollow type. Hummocks are formed mainly by tufts of Eriophorum vaginatum. The moss layer is dominated by Sphagnum fallax, whereas hollows are covered by Sphagnum cuspidatum. Moreover, cranberry schrubs, Vaccinium oxycoccus, occur in the central part of the peatbog. The presence of species from the classes Oxycocco-Sphagnetea and Scheuzerio-Caricetea fuscae indicate the ombrotrophic character of the peatbog. The drainage basin of Sarni Dół peatbog has an area of 8.4 ha and is covered mainly by mixed forest with the domination of Scotch pines. The slopes of drainage basin descend steeply to the peatbog at an incline of over 25° in some places.
The investigations were carried out in 1996 and in 1999-2002 and concerned the physicochemical parameters of peatland waters. The analyses were conducted according to Standard Methods for the Examination of Waters and Wastewaters (1992) . The water balance of the investigated peatlands was calculated as suggested by Kędziora (1999) . Floristic investigations were performed with the transect method.
RESULTS AND DISCUSSION
Studies of the water balance showed that both investigated peatbogs are isolated from shallow catchment groundwaters (there are no inflow of underground waters). The main sources of water are precipitation and surface run-off. The participation of surface run-off in the water supply varies between the peatbogs and depends on the ratio of drainage basin area to peatbog area. In Sarni Dół, surface run-off and precipitation provide similar amounts of water. In Czarny Dół, surface run-off provides more that three fold the amount of water as precipitation does. However, in Czarny Dół all surface run-off waters flow into the pond (only the pond has direct contact with the catchment as its waters surround the peat island), and the bog is supplied with water mainly from precipitation. The loss of water (evaporation and transpiration) is, however, entirely compensated by its supply. Only during months of low precipitation do the peatbogs lose more water, and the level of their groundwater decreases significantly. In an average year the water balance has a positive value, which indicates that some part of the water is shifted from the peatbogs to the surface groundwaters. This shallow groundwater flow between the peatbog and its drainage basin is supported by the fact the groundwater levels were always lower in the drainage basin that in the peatbogs. The routes of water flow in the investigated peatbogs were characteristic of basin peatbogs (Jasnowski 1990 , Mitsch and Gosselink 1999 , Ilnicki 2001 . However, the considerable participation of surface run-off is worth noting, because this allows for a positive water balance and permits stable functioning in the low-precipitation climate of Wielkopolska. Due to the greater drainage basin area, more water is supplied to the Czarny Dół than to the Sarni Dół peatland. This results in lower levels of water and higher amplitude of fluctuation in Sarni Dół. As Weltzin et al. (2001) , Herbich and Potocka (2004), and Owen-Koning (2005) demonstrated, hydrological conditions are one of the most important factors determining the structure and plant diversity of peatbogs.
A characteristic feature of the peatbog water was acid reaction. The pH never exceeded 5.0 (Table 1) . Throughout the study period, the average pH was 4.0. Strong acidification was caused by the large numbers of sphagnum mosses. Their tissues contain high amounts of lignins and cellulose that are converted to humic substances by enzymatic and microbial degradation (Górniak 1996) . Moreover, the acidification of shallow groundwaters was also caused by the significant amount of humic acids delivered with surface run-off (Klimaszyk et al. 2003) , and the deposition of nitrogen and sulfur oxides resulting precipitation (Klimaszyk 2006) .
The high level of humic substances was demonstrated by the high concentration of organic carbon (both total and dissolved) ( Table 1 ). The concentrations of organic carbon were comparable with those recorded for high and transitional peatbogs (Górniak 1993 Gorham et al. 1998 .
A characteristic feature of the peatbog waters was the low concentration of minerals manifested by low electrolytic conductivity (Table 1 ). The conductivity of peatbog water was lower than that of precipitation (Walna and Siepak 1998 ) and surface run-off waters (Klimaszyk et al. 2003) . This was caused by the complexing of elements by humic substances present in high concentrations in the peatbog waters.
The concentration of nutrients in the peatbog waters was relatively high. The concentration of phosphorus in the peatbog waters was markedly higher in comparison to the surface waters of Wielkopolski National Park (Siepak et al. 1999 ). Significant seasonal fluctuations of phosphorus concentration (both total and orthophosphates) were noted (Fig. 1) , but the fluctuation patterns were different in Czarny Dół in comparison to Sarni Dół, where the highest concentration was observed during periods of intensive surface run-off (after precipitation and snow melt; Figure 1 ). This indicates that phosphorus-rich surface run-off (Klimaszyk and Kuczyńska-Kippen 2003, Miller 2005) regulates the concentration of this element in this peatbog. The increase of orthophosphate concentration in the waters of Sarni Dół was also observed after TOC -total organic carbon; DOC -dissolved organic carbon; n.d. -not detected; SD -standard deviation a long dry period (May-June) when the level of the water table decreased significantly (Fig. 1) . This situation is often observed in wetlands (Smith and McCormick 2001) , and may be caused by the rapid mineralization of organic matter (under oxic conditions; Qiu and McComb 1994) . In Czarny Dół higher concentrations of phosphorus were observed during and after the snow melt when the pond surrounding the bog was frozen. In contrast to Sarni Dół, during intense precipitation the concentration of phosphorus in ground water decreased in Czarny Dół. Intense precipitation, which is poor in phosphorus and is the main source of water in the Czarny Dół bog, dilutes the ground water. Earlier research (Klimaszyk 2006) shows a negative correlation between the intensity of precipitation and the concentration of phosphorus in the ground waters of the peatbog. High amounts of phosphorus do not mean high availability, because its significant part is complexed with humic substances, and, therefore, it is inaccessible to primary producers (Limpens et al. 2004 , Graham et al. 2005 .
Nitrogen seems to be a limiting factor in bog and fen productivity and major vegetation shifts occur following changes in nitrogen concentrations (Limpens et al. 2003, Akagi and Osawa 2005) . In the investigated peatbogs, nitrogen, like phosphorus, also occurred in the waters in high concentrations ( Table 1 .) The annual dynamics of nitrogen were similar to those of phosphorus, and the differences between the analyzed bogs were analogical (Fig. 1 ). Mineral and organic nitrogen was present in similar amounts. Ammonium nitrogen predominated among mineral nitrogen due to the low acid reaction of the water, which prevented the oxidation of ammonium because of the low activity of nitrifying bacteria (Górniak et al. 1999) . High concentrations of nitrogen in the shallow groundwaters of the peatbogs is the effect of the deposition of significant amounts of this element with nitrogen-rich surface run-off (Klimaszyk 2003 , Miller et al. 2005 . The highest concentration of nitrogen in Sarni Dół was observed during periods of intensive surface run-off following heavy precipitation (Fig. 1) . High concentrations of ammonium nitrogen in both peatbogs were noted when the bogs were covered by ice, during snow melts, and after heavy precipitation (Fig. 1) . This may be caused by anoxic conditions in the peatbog sub-surface (during flooding).
Despite some differences between the concentrations of elements or chemical compounds in the water (Table 1) , the physicochemical similarity of the two peatbogs is clear since, according to the results of the U-Mann test, no statistically significant differences between them were noted in the parameters investigated.
In conclusion, the investigated peatbogs are of the basin type, as they have small areas and are located in hollows. They are supplied by precipitation and surface run-off and are isolated from shallow groundwaters. It is worth noting that surface run-off is the major factor that allows the stable functioning of both peatbogs since they deliver significant amounts of water. They also deliver large amounts of nutrients and dissolved organic carbon. Surface run-off shapes the physicochemical properties of the Sarni Dół peatbog because of the direct contact of the bog with the catchment area. In Czarny Dół, the pond surrounding the bog acts as a buffer that reduces the impact of run-off. Acid water reaction and low concentration of mineral salts in both bogs are characteristic for ombrotrophic high peatbogs (Górniak 1993, Mitsch and Gosselink 1999) . The availability of nutrients is limited due to the low pH of water and the high concentration of humic substances. The floristic distinctness of the investigated peatbogs is probably the result of different levels of shallow groundwaters. High levels of shallow groundwaters (located near the surface) inhibit the development of a hummock-hollow structure in Czarny Dół.
